To determine the preferred treatment of clinically localized prostate cancer.
radical prostatectomy (RP) would help resolve the debate.
The results of such a trial, however, are at least a decade away. In the meantime, we must rely on rational comparisons of the risks and benefits with either choice.
The purpose of this study is to compare WW and RP in a decision analysis in which the risks of adverse events and patients' feelings about those events are quantified. Our perspective is that of society; we analyzed the data to determine the preferred treatment for a hypothetical cohort of men with localized prostate cancer. Although costeffectiveness is important, it is not included in this report. Our outcomes of interest are life expectancy, with and without adjustments for quality of life, for WW and RP patients who are between the ages of 60 and 75.
Two large pooled analyses of metastasis-free survival have recently been conducted: one on WW patients, 4 and one on RP patients. 5, 6 In addition, a recent analysis by Albertsen et al. has illustrated the increased risk of death due to noncancerous chronic illnesses in the prostate cancer population. 7 Recent studies have also examined treatment and complication impacts on quality of life 8, 9 and patient utilities. 10 Our analysis incorporates all of these recent developments in an attempt to provide a comprehensive and current evaluation of the choice between RP and WW for localized prostate cancer.
METHODS

Decision Analysis Model
We build on a model of prostate cancer previously published by the Prostate Patient Outcomes Research Team (PORT). 11 We analyzed this model previously, 12 and we found it reasonably approximated the natural history of prostate cancers. In our Markov model (depicted in Fig.  1 ), all patients begin with localized prostate cancer with no evidence of metastases and are treated by WW or RP. Each 6 months, a fraction of the patients progress to hormonally controlled metastatic disease. In subsequent 6-month periods, a fraction of these patients progress to hormone-refractory metastatic disease and eventual death from prostate cancer. At every 6-month period, a fraction of the patients die from causes other than prostate cancer. The arrows in Figure 1 illustrate the permissible transitions of the cohort fractions. The probabilities of the initial transition to metastatic disease depend on disease grade and the two treatment options: RP or WW.
A denocarcinoma of the prostate is the leading cause of cancer in American men, and the second leading cause of death from cancer. 1 In 1996, 317,000 new cases of prostate cancer and 41,400 deaths due to prostate cancer were expected. 2 The reason for the continued mortality increases are unclear, but the rise in incidence is largely due to the increased use of prostate-specific antigen (PSA) testing. 3 The controversial aspect of prostate cancer is determining which patients need curative treatment, considering many more men die with prostate cancer than of it. A randomized clinical trial of watchful waiting (WW) versus biopsy Gleason grade of the cancer, one of the best preoperative predictors of prostate cancer progression. 13 For WW patients, a pooled analysis of more than 800 men from several treatment centers was utilized. 4 The corresponding source for metastatic progression in RP patients was that of Gerber, 5, 6 which was a pooled analysis of 3,500 men, also from several treatment centers. Our metastatic progression probabilities are constant over time. Previous decision analyses have modeled the impact of treatment based on capsular penetration. 11, 12, 14 Capsular penetration, however, cannot be determined in the WW patient. Rather, we have chosen to model treatment efficacy using actual treatment data, pooled and analyzed in the same manner as the WW data. The 10-year metastatic-free survival figures were used from both series.
Because most patients with prostate cancer die of causes other than their disease, comorbidity needs to be included in the model. The risk of death from comorbidity was obtained from a large study over several years on Connecticut prostate cancer patients. 7 This study provided the hazard ratios for men with advanced comorbidity: the greater the number of comorbidities, the higher the risk of death due to noncancer causes.
As RP introduces potential complications, especially impotence and incontinence, these need modeling as well. Complication rates were obtained from a large structured review by Wasson. 15 Wasson's reported rates for impotence and incontinence were chosen over those reported by Fowler et al., 8 because patients in the latter series were generally older (80% of patients over 70 years, 30% over 75 years) than the age group considered in this analysis, and potency and continence recovery are age-related, 16, 17 resulting in complication rates higher than we would expect in younger men. Nevertheless, we examined the effects of Fowler's probabilities in sensitivity analyses. Probabilities of other RP complications such as operative mortality, bladder neck contracture, and bowel damage were preserved from the original PORT analysis. 11
Utilities
The relative value patients assign to potential health states is represented as a utility. Utilities typically vary between 0, the utility or value of being dead, and 1.0, the utility of living in perfect health. 18 Most of the utilities used in this analysis were obtained from interviewing 31 men between the ages of 55 and 75, all outpatients from a general internal medicine practice, and none of whom had been diagnosed with prostate cancer (Table 2) . 10 Descriptions of the health states of interest (living with prostate cancer managed by WW, living with metastatic prostate cancer responsive or refractory to hormonal therapy, posttreatment impotence, and severe incontinence) were read to the participants. Each man participated in the time trade-off assessment 19, 20 to determine the amount of remaining life expectancy he would give up if he were living in a particular health state because of prostate cancer. The number of "healthy" years without direct consequence from prostate cancer divided by the years of remaining life expectancy yielded a utility value for each health state. The higher the utility, the more preferred the health state. Men treated with radical prostatectomy without the adverse sequelae of disease progression, incontinence, or impotence might still not be in a state of "perfect health" by virtue of their age and coexisting health conditions. 21 In this case, instead of 1.0, we assigned a utility value of 0.84, the mean for men age 65 to 74 in the population-based Beaver Dam study, 21 a large longitudinal cohort study of health states for a random selection of adults.
Monte Carlo Analyses
Several of the input parameters for this analysis were estimated from sample data that lack the conclusiveness of a randomized clinical trial. Chief among those are the progression rates for both RP and WW and the patient health-state utilities. For all of these factors, baseline es- timates and their 95% confidence intervals (CIs) are presented in Table 3 . To determine whether the preferred treatment approach would differ with the value of the parameter used, sensitivity analyses are usually performed by varying the progression rates and utilities. However, in this analysis there are two progression rates (WW and RP) and five utilities (from Table 3 ), and varying more than three factors at a time makes it difficult to interpret the results. 22 Furthermore, systemically varying these factors across their ranges does not appropriately consider that values in the middle of the range are more likely than values at the extremes. For these two reasons, we used a second-order Monte Carlo sensitivity analysis 22 to determine if the results were consistent when the utilities and progression rates were varied. This type of analysis runs the decision model multiple times, each time randomly choosing probabilities and utilities from values within their expected ranges based on (but not limited by) their 95% CIs, and assuming a logistic normal distribution. 22 This approach allows collection of multiple modeled outcomes with computation of summary statistics, e.g., mean quality-adjusted life expectancy (QALE) and its variance, and it allows tests for statistical significance between therapies. Statistical significance is partially dependent on the number of model runs performed in the Monte Carlo analysis. A very large number of runs may result in very small confidence intervals, so that a very slight clinical difference between therapies would be statistically significant. Conversely, too few runs could result in a lack of statistical significance owing to low statistical power despite a true difference between therapies. To determine the appropriate number of model runs is analogous to calculating the sample size for a randomized clinical trial. The first step of sample size calculation would be to decide what minimum difference between therapies would be clinically significant. As Cohen has suggested, a "moderate" effect (a difference in means equal to half the standard deviation) is a reasonable starting point. 23 In addition, attempting to detect a smaller effect would most likely compel a cost-effectiveness analysis to determine the value of such a difference. We therefore conducted a power analysis to determine the minimum number of model runs necessary to detect an 80% chance of obtaining a significant test result (two-tailed, 5% level) if there were a true "moderate" difference between therapies. Our power calculations indicated that 67 model runs were needed in order to detect this level of difference using a nonparametric test. Figure 2 illustrates the years of benefit of RP relative to WW with and without quality-of-life adjustments for various age and cancer grade combinations. For the left side of Figure 2 , the QALE of the WW cohort was subtracted from the QALE of the RP cohort. Because the QALE of the RP cohort was larger at every age-grade com- 
RESULTS
Baseline Model
Monte Carlo Sensitivity Analyses
Because the Monte Carlo analyses provide more than a single point estimate, the variability of the results should be illustrated, and we have used boxplots for this purpose. (See Fig. 3A for patients with low grade, Fig. 3B for moderate grade, and Fig. 3C for high grade.) Each boxplot highlights the median result near the center (white area), surrounded by 95% CIs (illustrated by an adjacent darker area). Solid areas indicate the center quartiles of the data. The full range of the data is indicated by the vertical "whiskers" (ending brackets). The CIs for each age-matched pair of boxplots do not overlap; therefore the apparent difference between therapies is unlikely to have resulted from chance alone. Figure 3D illustrates boxplots using no utilities in the analysis of selected age-grade combination. Again, CIs fail to overlap, indicating it is unlikely that the median QALEs for the therapies are equal.
Other Sensitivity Analyses Discount Rate
Because this study is strictly a treatment-effectiveness analysis, and not a cost-effectiveness analysis, the baseline analysis assumed a 0% discount rate, which values later years of life the same as immediate years if utilities are constant. For potential comparison with other studies, this discount rate was varied to 5% per annum, so that later years were valued as less important. This modification reduced the degree of benefit for RP to 1.36 years for a 60-year-old man with poorly differentiated cancer and to 0.18 years for a 75-year-old man with welldifferentiated cancer. However, at no age-grade combination was WW preferred.
Comorbidity
The Index of Coexistant Disease (ICED) comorbidity index was varied from its baseline of 0 to a high of 3. At the second level of comorbidity (ICED ϭ 1), RP remained preferred but only by 0.21 QALY (quality-adjusted life years) for 75-year-old men with well-differentiated cancer. At the next level of comorbidity (ICED ϭ 2), the same conclusion was obtained, but RP exceeded WW only by 0.08 QALY (quality-adjusted life years) for the 75-year-old, well-differentiated cohort. At the highest level of comorbidity (ICED ϭ 3), the QALE for the RP cohort is smaller than the QALE for WW for older men with well-differentiated cancer, indicating WW is the preferred approach in this circumstance.
Impotence and Incontinence Probabilities
The Fowler Medicare probabilities were substituted for the Wasson probabilities to determine whether the therapy decision was sensitive to these figures. These probabilities had a strong effect on the QALEs; RP was preferred only for high-grade cancers.
DISCUSSION
A conclusive randomized clinical trial would suggest the preferred treatment strategy for clinically localized prostate cancer. In the meantime, a decision analysis comparing radical prostatectomy and watchful waiting was performed to estimate the QALE for men aged 60 to 75 years under these two treatment protocols. Baseline analyses suggested a survival benefit for RP patients. Monte Carlo sensitivity analysis indicated these differences were insensitive to the uncertainty in the data ( p Ͻ .05). These findings held for men aged 60 to 75 years with any biopsy grade, although age and grade affect the degree of benefit achieved with aggressive therapy. Other sensitivity analyses varied the conclusions by removing the utilities, increasing the discount rate to 5%, and increasing comorbidity. Each of these conditions affected the degree of benefit, and WW was the preferred approach for elderly men with high comorbidity and welldifferentiated disease by virtue of the greater net QALE. When quality-of-life adjustments were considered, the benefit of RP increased. At first, this would seem counterintuitive. However, the reason for this may be that the psychological impact of living with untreated cancer has more of an effect (on the WW patients) than the discomfort associated with treatment-related impotence and incontinence (affecting the RP patients). This phenomenon was noted in all cases except the relatively young man with high-grade disease who, if he selected WW, would spend a smaller fraction of his remaining life expectancy in the metastatic-free health state. That is, he would be expected to progress rapidly out of the localized stage, in which the psychological penalty of living with an untreated cancer is imposed, and therefore the disturbing impact of living with untreated and localized cancer lasts a short time. It might be expected that a WW patient who progresses could suffer regret, 24 and have a lower quality of life than a patient who pursued aggressive therapy, but whose disease still progressed. Conversely, it is also possible that the low utility value which patients assigned to the WW state was influenced by how that state was described, a framing effect. As an example, it is plausible that presenting information about the lack of a difference in cancer survival between RP and WW patients and the risk of treatment complications would influence patient utilities. If so, clinicians need to pay particular attention to how they present the treatment alternatives. Watchful waiting patients may regret not acting, and RP patients who fail may regret undergoing the procedure in vain.
In addition, the disutility of a rising PSA level following definitive treatment needs measuring and modeling, as does the disutility of RP itself. The short-term inconvenience of the treatment may subtract part of 1 month from the QALE of RP.
In order to test the effect of the psychological disutility of living with untreated cancer, this disutility was varied from a low of that obtained by time trade-off to a high of that of our cured RP patient. For well-differentiated cancer, WW becomes the preferred strategy when the utility of living with untreated cancer exceeds 0.76 for 75-year-old or .78 for a 60-year-old. With moderately differentiated cancer, the threshold ranged from 0.78 to 0.82 across the same ages. No threshold between the baseline utilities (0.72 and 0.84) was found for poorly differentiated cancers. These results strongly suggest that management of the psychological or social needs of watchful waiting patients deserves attention. Even though our model suggests a treatment benefit associated with RP, our results do not imply that screening by PSA or other means is beneficial. One reason for this is that the utilities associated with the screening process are largely unknown. Indeed, the sensitivity analysis of the psychological disutility of living with untreated cancer underscores the risk imposed by routine prostate cancer screening, since avoiding knowledge of prostate cancer increases QALE. Our model assumes men already know they have prostate cancer, and captures the apparent disutility associated with that knowledge. It is unclear what the appropriate policy should be before diagnosis.
Sensitivity analysis with Fowler's higher probabilities of impotence and incontinence dramatically affected the results for preferred treatment for prostate cancer. Radical prostatectomy in this case was preferred only for highgrade disease. However, the utility for incontinence treats this problem as total incontinence, with no utility for occasional or moderate stress urinary incontinence. Similarly, the utility value for impotence does not take into account the phenomenon of habituation, which indicates that individuals become more tolerant of a health state and do not discount the value of life in that state after a period of time. Furthermore, these probabilities are more reflective of an older population, may not be applicable to a younger population, and do not consider the number of men who returned to normal continence by mechanical or pharmacological means. It is important to realize that the article by Fowler et al. was a quality-of-life study and not designed to derive utilities, 8 and their definition of incontinence was less severe than ours, to the extent that most of the incontinent patients in the Fowler study were not bothered by their incontinence. Interestingly, of the 30% of men reporting incontinence (defined as moderate or severe), requiring one or more pads per day for control, only half considered their incontinence as a moderate to severe problem. As a result, Fowler's probabilities represent a worstcase scenario. Nevertheless, our results suggest that a RP for men over 75 years of age requires further justification.
Our findings extend the results of previous decision analyses of clinically localized prostate cancer. Fleming's analysis 11 lacked the large multicenter pooled studies of WW and RP patients, control for comorbidity, actual patientderived utilities, and Monte Carlo sensitivity analyses. Beck's analysis 12 added the WW data to Fleming's analysis. In our analysis the baseline results for RP are substantially better than results presented by Fleming, 11 and slightly below those of Beck. 12 We feel our choice of using the metastatic rates from the two large pooled analyses was both necessary and unbiased for or against treatment. Although time until metastasis may be a soft end point, the calculated 10-year disease-specific survival estimates for WW (well, 91%; moderate, 80%; and poor, 61%) are within the 95% CIs published in the Chodak analysis except for the poorly differentiated grade. In poorly differentiated cancer, predicted survival by the model was higher than reported by Chodak, suggesting modeled disease to be less aggressive than reported, which would bias the model results in favor of WW.
There are important limitations to this study. First, the pooled analyses used to obtain the transition probabilities are not randomized trials, although these are large series. Selection of patients for treatment or WW was based on the suspected nature of their disease, their comorbidities, and their preferences guided by the informed consent process. Our model is sensitive to a selection bias associated with time until metastasis, and it is difficult to speculate whether such bias is present. Only a randomized trial can definitively answer this treatment question, but the results are more than 10 years away. Second, our utilities are based on a sample of 31 men without prostate cancer. A larger sample is needed for more precise estimates and to measure probable interactions with age. This sample is nonetheless superior to previous analyses that used physician consensus panels. We chose men without prostate cancer because those are men who will confront the treatment decision. Although utilities from actual prostate cancer patients should be compared, especially to examine possible change over time, the Panel on Cost-Effectiveness in Health and Medicine has argued against using patient-derived utilities in the reference case. 25 Our analysis was conducted at the cohort level (a second-order Monte Carlo analysis), and more variability would be observed if individual patients were the unit of analysis. Therefore, our result may be useful at the societal level but not at that of the individual patient. The patient still has to decide, with the help of his clinician, the most appropriate strategy for himself. Individual patients have different utilities.
This analysis suggests that radical prostatectomy is preferred to watchful waiting for men under 70 years of age. Men older than 70 appear to face a toss-up unless they have high comorbidity coupled with disease of low to moderate grade, in which case watchful waiting becomes the preferred therapy. When a preferred treatment is not clearly indicated, treatment choice should be tailored to a patient's age, grade of prostate cancer, comorbidity, and utility profiles. Because of the limitations discussed above, our findings should not be regarded as definitive. We have used the best available data in conjunction with powerful modeling techniques to provide insight on an important but poorly understood question. While we await more definitive studies, these results may increase our understanding of the complex treatment decision facing men with prostate cancer today.
